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Absorbed dose, D

Phantoms models

Mean absorbed dose, D and
R — Individual information

at higher doses

in an organ or tissue

l

Equivalent dose, H, Radiation weighting
in an organ or tissue T factor, W,

Tissue weighting

Effective dose, E D factor, W,
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Radiation Type
and
Energy Range

Radiation Weighting Factor, IV,

ICRP 60

ICRP 103

x-rays and y -rays,
all energies

electrons positrons

and muons, all
energies

neutrons, <1 MeV

neutrons, 1 MeV to
50 MeV

neutrons, >50 MeV

protons, (not recoil)
energy 2 MeV

particles, fission
fragments, heavy
nuclei
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W, =25 +3.256Xp{—
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M319 2.2 waasmlsuieuawatiaiione (7, ) ilimsdsualasulusienain g Tae

ICRP 111l a.e. 1979, 1991 uag 2007 419

Organ ICRP 53 ICRP 60 ICRP 103
(1979) (1991) (2007)
Gonads 0.25 0.20 0.08
Red marrow 0.12 0.12 0.12
Lungs 0.12 0.12 0.12
Breasts 0.15 0.05 0.12
Thyroid 0.03 0.05 0.04
Bone surfaces 0.03 0.01 0.01
Colon - 0.12 0.12
Stomach - 0.12 0.12
Bladder - 0.05 0.04
Liver - 0.05 0.04
Esophagus - 0.05 0.04
Skin - 0.01 0.01
Salivary glands - - 0.01
Brain - - 0.01
Remainder of body * 0.30 0.05 0.12
Total 1.00 1.00 1.00

* Remainder of body

ICRP 60: adrenals, brain, upper large intestine, small intestine, kidney, muscle,
pancreas, spleen, thymus and uterus

ICRP 103: adrenals, extra thoracic tissue, gall bladder, heart wall, kidneys, lymph
nodes, muscle, oral mucosa, pancreas, prostate, small intestine, spleen, thymus,
uterus/cervix
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ﬂ‘eff
~ AT,
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In2
A=1.44T,; 4, (2.12)
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T T
T,=—"" (2.13)
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(physical decay constant)
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(biological decay constant)
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M319 2.3 1A estimate dose AonziuAAeLTa (D/ A4, ) ¥ed In-111 white blood cell

n'1dannssan Ias MIRDOSE software ¥

Target organ

Estimated radiation dose (mGy/MBq)

adult 15yearold 10yearold 5Syearold 1yearold new born
Adrenals 3.6E-01  4.4E-01 6.4E-01 8.6E-01  1.4E+00  2.9E+00
Brain 51E-02  6.7E-02 8.9E-02 1.4E-01 3.0E-01  7.0E-01
Breasts 6.7E-02  7.8E-02 1.3E-01 2.0E-01 34E-01  7.9E-01
Gallbladder wall 34E-01  3.8E-01 5.8E-01 8.8E-01  1.4E+00  3.0E+00
LLI wall 1.2E-01  1.6E-01 2.3E-01 3.1E-01  47E-01  9.2E-01
Small intestine 1.6E-01  1.9E-01 2.9E-01 4.2E-01 6.7E-01  1.4E+00
Stomach 2.9E-01  3.4E-01 5.0E-01 7.0E-01  1.1E+00  2.3E+00
ULI wall 1.6E-01  2.0E-01 3.1E-01 4.8E-01 7.8E-01  1.6E+00
Heart wall 1.7E-01  2.0E-01 2.9E-01 4.1E-01 7.0E-01  1.4E+00
Kidneys 3.5E-01  4.2E-01 6.3E-01 9.1E-01  1.4E+00  2.7E+00
Liver 9.0E-01  1.2E+00 1.7E400  2.3E+00  4.1E+00  8.7E+00
Lungs 1.6E-01  2.0E-01 2.9E-01 4.3E-01 74E-01  1.5E+00
Muscle 1.0E-01  1.3E-01 1.9E-01 2.8E-01  4.9E-01  1.0E+00
Ovaries 1.3E-01  1.6E-01 2.3E-01 3.3E-01  4.9E-01  9.9E-01
Pancreas 55E-01  6.5E-01 9.5E-01 1.4E+00  22E+00  4.3E+00
Red marrow 6.5E-01  7.3E-01 11E+00  2.0E+00  4.7E+00  1.5E+00
Bone surfaces 4.6E-01  5.2E-01 8.3E-01 1.4E+00  2.3E+00  4.8E+00
Skin 50E-02  6.1E-02 9.7E-02 1.6E-01 3.0E-01  6.9E-01
Spleen 5.9E+00  8.2E+00 1.2E+01 1.9E+01  3.2E+01  8.1E+01
Testes 3.0E-02  4.2E-02 6.7E-02 1.0E-01 1.8E-01  4.3E-01
Thymus 7.9E-02  9.3E-02 1.3E-01 1.8E-01 3.1E-01  6.6E-01
Thyroid 54E-02  6.7E-02 9.2E-02 1.4E-01 2.5E-01  5.6E-01
Urinary bladder wall ~ 6.4E-02  7.8E-02 1.4E-01 1.9E-01 3.3E-01  6.0E-01
Uterus 1.0E-01  1.3E-01 1.9E-01 2.6E-01 41E-01  8.9E-01
Total body 1.6E-01  2.0E-01 3.1E-01 4.6E-01 8.2E-01  1.8E+00
ngast;‘l’sn‘t"’se 6.4E-01  8.4E-01 12E+00  1.9E+00  3.4E+00  8.5E+00
Effective dose 41E-01  5.2E-01 77E-01  12E+00  2.2E+00  5.6E+00

(mSv/MBq)
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M99 2.4 11aAAN estimate dose AonziuAAeLTa (D/ 4, ) ¥81 Tc-99m MIBI "

Estimated Radiation Dose for Adult

ORGAN (mGy/MBq)
Rest patients Stress patients

Adrenals 4.3E-03 3.9E-03
Brain 1.8E-03 1.9E-03
Breasts 1.7E-03 1.6E-03
Gallbladder Wall 1.8E-02 2.5E-02
LLI Wall 3.7E-02 2.9E-02
Small Intestine 2.7E-02 2.2E-02
Stomach 5.2E-03 4.7E-03
ULI Wall 5.0E-02 4.0E-02
Heart Wall 4.4E-03 4.8E-03
Kidneys 1.8E-02 1.5E-02
Liver 5.1E-03 3.7E-03
Lungs 2.4E-03 2.2E-03
Muscle 3.7E-03 3.3E-03
Ovaries 1.4E-02 1.2E-02
Pancreas 5.0E-03 4.6E-03
Red Marrow 4.5E-03 4.0E-03
Bone Surfaces 5.8E-03 5.4E-03
Skin 1.9E-03 1.8E-03
Spleen 5.2E-03 4.0E-03
Testes 3.5E-03 3.1E-03
Thymus 2.3E-03 2.3E-03
Thyroid 2.2E-03 2.2E-03
Urinary Bladder Wall 3.7E-02 2.7E-02
Uterus 1.2E-02 1.0E-02

Effective Dose Equivalent

(MSV/MBQq) 1.5E-02 1.3E-02
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M99 2.5 Laadn estimate dose AonziuAABITa (D/ 4, ) ¥94 1-131 Sodium lodide "

Estimated Radiation Dose for Adult

ORGAN

mGy/MBq rad/mCi
Adrenals 3.9E-02 1.4E-01
Brain 1.1E-01 4 .1E-01
Breasts 4.2E-02 1.6E-01
Gallbladder Wall 4.5E-02 1.7E-01
LLI Wall 4.3E-02 1.6E-01
Small Intestine 2.4E-01 8.8E-01
Stomach 3.6E-01 1.3E+00
ULI Wall 5.2E-02 1.9E-01
Heart Wall 5.7E-02 2.1E-01
Kidneys 3.6E-02 1.3E-01
Liver 1.1E-01 3.9E-01
Lungs 7.9E-02 2.9E-01
Muscle 1.0E-01 3.7E-01
Ovaries 4.7E-02 1.8E-01
Pancreas 5.2E-02 1.9E-01
Red Marrow 8.3E-02 3.1E-01
Bone Surfaces 1.0E-01 3.7E-01
Skin 5.1E-02 1.9E-01
Spleen 4 1E-02 1.5E-01
Testes 2.8E-02 1.0E-01
Thymus 1.2E-01 4.4E-01
Thyroid 3.4E+02 1.3E+03
Urinary Bladder Wall 6.2E-01 2.3E+00
Uterus 5.9E-02 2.2E-01

Effective Dose Equivalent 1.1E+01 mSv/MBq 3.9E+01 rem/mCi
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M1319 2.6 11aA3A1 estimate dose AounziuAAeLTa (D/ A4, ) ved TI-201 Chloride "

Estimated Radiation Dose for Adult

ORGAN

mGy/MBq rad/mCi
Adrenals 6.3E-02 2.3E-01
Brain 5.9E-02 2.2E-01
Breasts 3.6E-02 1.3E-01
GB Wall 8.3E-02 3.1E-01
LLI Wall 3.4E-01 1.2E+00
Small Intestine 4.5E-01 1.7E+00
Stomach 1.9E-01 6.9E-01
ULI Wall 3.3E-01 1.2E+00
Heart Wall 2.8E-01 1.0E+00
Kidneys 4.6E-01 1.7E+00
Liver 9.9E-02 3.7E-01
Lungs 4.7E-02 1.7E-01
Muscle 4.6E-02 1.7E-01
Ovaries 1.0E-01 3.7E-01
Pancreas 7.4E-02 2.7E-01
Red Marrow 5.5E-02 2.0E-01
Bone Surfaces 8.8E-02 3.3E-01
Skin 3.3E-02 1.2E-01
Spleen 1.8E-01 6.5E-01
Testes 2.0E-01 7.3E-01
Thymus 4. 6E-02 1.7E-01
Thyroid 6.2E-01 2.3E+00
Urinary Bladder Wall 5.2E-02 1.9E-01
Uterus 8.5E-02 3.1E-01

Effective Dose Equivalent 1.6E-01 mSv/MBq 6.0E-01 rem/mCi
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2.1.3 nuusmnameuinsla (Monte Carlo modeling)
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M3 2.7 LAAIAINIAUDI0I8ITAN 9 TUNUIENTY d11T VU180 6 A3 Cristy 1az

Eckerman "
Phantom [Total Phantom Weight (kg)]
Newborn  Age1 Aged5 Age10 Age15  Adult
(3.4) (9.8) (19) (32) (55) (70)
Adrenals 5.83 3.52 5.27 7.22 10.5 16.3
Brain 352 884 1260 1360 1410 1420
Breasts-including skin 0.205 1.1 217 3.65 407 403
Broasts-excluding 0.107 0732 151 26 361 351
Gall bladder contents 2.12 4.81 19.7 38.5 49 55.7
Gall bladder wall 0.408 0.91 3.73 7.28 9.27 10.5
Gl tract
LLI contents 6.98 18.3 36.6 61.7 109 143
LLI wall 7.98 20.6 41.4 70 127 167
Sl contents and wall 52.9 138 275 465 838 1100
Stomach contents 10.6 36.2 751 133 195 260
Stomach wall 6.41 21.8 49.1 85.1 118 158
ULI contents 11.2 28.7 57.9 97.5 176 232
ULI wall 10.5 27.8 55.2 93.4 168 220
Heart contents 36.5 72.7 134 219 347 454
Heart wall 254 50.6 92.8 151 241 316
Kidneys 22.9 62.9 116 173 248 299
Liver 121 292 584 887 1400 1910
Lungs 50.6 143 290 453 651 1000
Ovaries 0.328 0.714 1.73 3.13 10.5 8.71
Pancreas 2.8 10.3 23.6 30 64.9 94.3
Remaining tissue 2360 6400 13300 23100 40000 51800
Skeleton
Active marrow 47 150 320 610 1050 1120
Cortical bone 0 299 875 1580 3220 4000
Trabecular bone 140 200 219 396 806 1000
Skin 118 271 538 888 2150 3010
Spleen 9.1 255 48.3 77.4 123 183
Testes 0.843 1.21 1.63 1.89 15.5 39.1
Thymus 11.3 22.9 29.6 31.4 28.4 20.9
Thyroid 1.29 1.78 3.45 7.93 12.4 20.7
Urinary bladder
contenxts 12.4 329 64.7 103 160 211
Urinary bladder wall 2.88 7.7 14.5 23.2 35.9 47.6
Uterus 3.85 1.45 2.7 4.16 79 79

Whole body 3600 9720 19800 33200 56800 73700
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M3 2.8 LAANAINIAUDIDIIZAN ) TunLIenTy AT VU109 4 dIved Stabin '

Phantom

Adult Female  3m Pregnant 6m Pregnant 9m Pregnant

(nonpregnant) Female Female Female
Adrenals 14 14 14 14
Brain 1200 1200 1200 1200
Broasts-excluding 360 360 360 360
Gall bladder contents 50 50 50 50
Gall bladder wall 8 8 8 8
Gl tract
LLI contents 135 135 135 135
LLI wall 160 160 160 160
Sl contents 375 375 375 375
Sl wall 600 600 600 600
Stomach contents 230 230 230 230
Stomach wall 140 140 140 140
ULI contents 210 210 210 210
ULI wall 200 200 200 200
Heart contents 410 410 410 410
Heart wall 240 240 240 240
Kidneys 275 275 275 275
Liver 1400 1400 1400 1400
Lungs 651 651 651 651
Ovaries 11 11 1 11
Pancreas 85 85 85 85
Remaining tissue 40000 39300 41700 39500
Skeleton
Active marrow 1300 1300 1300 1300
Cortical bone 3000 3000 3000 3000
Trabecular bone 750 750 750 750
Skin 1790 1790 1790 1790
Spleen 150 150 150 150
Thymus 20 20 20 20
Thyroid 17 17 17 17
Urinary bladder 160 128 107 423
contents
Urinary bladder wall 35.9 36.9 34.5 23.9
Uterine wall 80 374 834 1095
Fetus 458 1640 2960
Placenta 310 466
Whole body 58000 58000 61500 63700
Whole body 56800 56400 57500 56600

(maternal tissue)
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Duration
Dose of Signs and .
Syndrome range Latent Pathology Symptoms Survival
Period
Hematopoetic >0.7Gy 1-3 bone marrow hemorrhage survival
(Bone marrow) (>70rads) weeks aplasia infection possible
leukopenia dose-
thromcytopenia related
anemia death
within
2-6 weeks
Gastointestinal > 10 Gy 1-4 days mitotic arrestin  fever survival
(GI) (>1,000 epithelium diarrhea highly
rads) denudation and disturbance  improbable
ulceration of of death
intestinal fluid and within
wall electrolyte 3-14 days
balance
Central > 50 Gy 0-a few vasculitis Apathy and  death
nervous (>5,000 hours meningitis drowsiness  within
system rads) encephalitis followed by 2 days
(CNS) edema tremor
Pyknosis of convolusion
cerebellar ataxia

Granule cells
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Probability of effect

Dose

[ v 4 U a v A a v A .
31] 2.9 HEAIAMNA NN UTTEHI19UT U duas Tomananaves g stochastic

effect ®”

@319 2.12 u@a9A1 nominal probability coefficients ¥IN15IAA stochastic effect

(% Sv™") Fathnualag ICRP publication 60 taz ICRP publication 103 19

Cancer Heritable effects Total
Exposed
population
ICRP 103 ICRP60 ICRP 103 ICRP 60 ICRP 103 ICRP 60
Whole 55 6.0 0.2 1.3 5.7 7.3
Adult 4.1 4.8 0.1 0.8 4.2 5.6

* Whole is mean the compound of infants children and adult
Adult is mean adult worker (20-64)



